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ABSTRACT
The potential mechanism of miRNA released from adipose-derived stem cell (ADSC)-derived micro
vesicle (MV) onthe modulation of proliferation, migration and invasion of endothelial cells were
explored. In this study, miR-210 level was detected by qT-PCR. Alix, VEGF and RUNX3 expressions
were detected by Western blot. The proliferation, migration and invasion of human umbilical vein
endothelial cells (HUVECs) were observed by MTT assay and Transwell assay. Luciferase reporter gene
assay was conducted to validate the targeting activity of MVs-released miR-210 on RUNX3. We found
hypoxia significantly increased the expression of MVs-released miR-210. MVs released from ADSCsin
hypoxic group significantly promoted the proliferation, migration and invasion of HUVECs.
Overexpression of miR-210 significantly upregulated VEGF expression, and promoted the proliferation,
migration and invasion of HUVECs. Besides, RUNX3 was identified as the direct of miR-210 in HUVECs.
Overexpression of miR-210 decreased RUNX3 expression and promoted the proliferation, migration and
invasion of HUVECs, while overexpression of RUNX3 inhibited these promotion effects. In vivo experi-
ment showed that MVs derived from ADSCs under hypoxia increased miR-210 level and capillary density,
and inhibition of miR-210 decreased capillary density. We also found MVs downregulated RUNX3
expression, and inhibition of miR-210 upregulated RUNX3 expression. Therefore, miR-210 released
from ADSCs-derived MVs promoted proliferation, migration and invasion of HUVECs by targeting
RUNX3, which revealed one of the mechanisms of ADSCs-derived MVs on the promotion of proliferation,
migration and invasion of HUVECs.
Abbreviations: ADSC, adipose-derived stem cell; MV, micro vesicle; HUVECs, human umbilical vein
endothelial cells; RUNX3, Runtrelatedtranscription factor-3
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Introduction

Critical limb ischemia is a severe condition lacking of suffi-
cient supply of oxygen and nutrients to extremities, which is
secondary to peripheral vascular disease [1]. It affects 200
million people worldwide, and can lead to high morbidities
and mortalities [2]. The treatments, such as angioplasty and
stent implantation, have improved the macrovascular func-
tion. However, there are still many cases that can not be
relieved or cured by surgery, and they can only survive by
amputation. Adipose-derived stem cells (ADSCs) are adult
multipotent stem cells that have multilineage differentiation
potential, which can promote angiogenesis to increase local
blood supply [3]. Recently, more and more researchers focus
on the effect of ADSCs on the treatment of damaged capillary
in lower-limb ischemia, and show ADSCs transplantation
accelerates the regeneration of lower-limb by secretion of
growth factor [4,5]. However, the mechanism of ADSCs on
the promotion of angiogenesis is still not clear.

Microvesicles (MVs) are one of extracellular vesicles ori-
gined from plasma membrane of a variety of cells, which
function as an important intercellular communication [6].

MVs can target recipient cells and affect the functions of
recipient cells by delivering their contents of RNAs, lipids
and proteins [6]. Reports about MVs on the promotion of
angiogenesis in ischemic diseases are increasing in recent
years. For example, Zhao et al found that MVs secreted by
ADSCs had role in angiogenesis in the treatment of ischemic
diseases [7]. Jung et al proved that MVs secreted from
induced pluripotent stem cells-derived cardiomyocytes could
exert protective role in cardiovascular disease by regulating
angiogenesis [8]. In addition, reports showed that MVs con-
tained various small noncoding RNAs, such as miRNAs [9].
Our previous report observed that ADSCs-derived MVs deliv-
ered miR-31 to modulate the function of human umbilical
vein endothelial cells (HUVECs) thus to promote angiogen-
esis [10]. Other MVs-contained miRNAs still need to be
explored to reveal the mechanism of the proangiogenesis.

MicroRNAs (miRNA) are a kind of small non-coding
RNAs that can be contained in MVs and transfer to neigh-
boring or distant cells, thus to modulate the function of
recipient cells [11]. It has been reported that miR-210 was
overexpressed in ischaemic vascular disease and could
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enhance angiogenesis [12]. Our previous report found that
miR-210 released from ADSCs-derived MVs was remark-
ably increased under hypoxic condition [10]. Researchers
also observed that miR-210 released from human leukemia
cell-derived MVs was remarkably increased under hypoxic
(1%) condition, and MVs enhanced the migration of
HUVECs and tube formation [13]. Runt-related transcrip-
tion factor-3 (RUNX3) belongs to the Runt family that plays
a role in angiogenesis in hypoxic responses [14].
Researchers have found that RUNX3 supressed cell migra-
tion, invasion and angiogenesis in human renal cell carci-
noma, prostate cancer and gastric cancer [15–17]. Lee et al
found that miRNA can modulate angiogenesis by directly
targeting RUNX3 [15]. Moreover, bioinformatic software
predicted the combination sites between miR-210 and
RUNX3. Thus, we assumed that miR-210 released from
ADSCs-derived MVs promoted angiogenesis of HUVECs
by regulating RUNX3.

In this study, we proved that miR-210 released from
ADSCs-derived MVs promoted proliferation, migration and
invasion of HUVECs by targeting RUNX3, which revealed
one of the mechanisms of ADSCs-derived MVs on the pro-
motion of proliferation, migration and invasion of HUVECs.

Materials and methods

Cell culture

hADSCs and HUVECs were purchased from American
Type Culture Collection (ATCC). ADSCs were maintained
in α-modified minimum essential medium (α-MEM; Gibco,
USA) supplemented with 10% fetal bovine serum (FBS;
Gibco, USA), 2 mM glutamine (Sinopharm Chemical
Reagent Co.,Ltd, China), 0.2 mM ascorbic acid
(Sinopharm Chemical Reagent Co.,Ltd, China), and 1%
antibiotic/antimycotic solution (Gibco, USA) in 5% CO2

incubator under 37°C. HUVECs were maintained in
RPMI-1640 medium (Gibco, USA) supplemented with
10% FBS (Gibco, USA) in 5% CO2 incubator under 37°C.
ADSCs cultured in hypoxic condition for 24 h (an incuba-
tor chamber flushed with 1% O2, 5% CO2, and 94% N2)
were collected for the following experiments.

Transfection of lentiviral vectors encoding shRNA

Lentiviral expression vector was constructed by ViraPower™ II
Lentiviral Gateway™ Expression System (Invitrogen, USA) as
previously reported [18]. ADSCs were transfected with miR-
210 mimic, miR-210 inhibitor lentiviral vectors with poly-
brene (8 μg/mL; Sigma, USA), and scramble sequence was
set as negative control (NC). Twenty-four hours later, cells
were cultured in medium containing 1 μg/mL puromycin
(Sinopharm Chemical Reagent Co., China) for selection.

Preparation of MVs

MVs were isolated from the ADSCs under nonhypoxic or
hypoxic condition. According to our previous report,
ADSCs were centrifuged at 500 g, 12,000 g, and 100,000 g

for 10 min, 30 min, 60 min at 4°C, respectively [10]. Pelleted
MVs were washed with PBS for one time and centrifuged at
100,000 g for 60 min at 4°C to remove residual soluble factors.
MVs was washed and resuspended in PBS. Protein concentra-
tion of MVs was detected by NanoDropTM 8000 spectrophot-
ometer (Thermo Fisher Scientific, USA).

Transwell assay

HUVECs migration was conducted by a 24-well Transwell
system (Corning, USA) which allowed cells to migrate
through the 5-μm-pore sized polycarbonate membrane.
200 μL (1 × 105 cells) of HUVECs suspensions were added
to the upper chamber of the Transwells. The lower chamber
was added with 600 μL RPMI-1640 medium containing 1%
FBS. Twenty-four hours later, HUVECs were fixed in absolute
ethanol for 10 min, then stained with 0.5% crystal violet for
10 min. HUVECs that migrated to the lower side of the
inserts were observed under microscope (Olympus, Japan;
magnification: ×200). The method of HUVECs invasion was
similar, and the medium in upper chamber was serum-free
medium.

MTT assay

HUVECs (3 × 104 cells) at logarithmic growth phase were
suspended in 100μl medium, and seeded into a 96-well plate
at a density of 3 × 104. HUVECs were treated with MVs for
24 h, then HUVECs were treated with 10 μl of MTT reagent
at 37°C for 4 h. Then, HUVECs were treated with 100 μl of
solubilization solution at 37°C for 12 h. The optical density
(OD) value was determined at a wavelength of 490 nm by a
microplate reader (Bio-Rad, USA). Cell viability = (OD value
of treated groups)/(OD value of control group).

Reverse transcription-quantitative polymerase chain reac-
tion (RT-qPCR) analysis Isolation of total RNA from MVs
and HUVECs was conducted using Rneasy Mini Kit
(QIAGEN, USA). miRNA reverse transcribed to complemen-
tary DNAs (cDNAs) were prepared using iScript™ cDNA
Synthesis Kit (QIAGEN, USA). RT-qPCR was conducted
using QIAGEN Fast Cycling PCR Kit (QIAGEN, USA) for
35 cycles in a T100 PCR machine (Bio-Rad, USA). A 2-step
cycle protocol was used to measure mRNA expression, and
the data were analyzed using CFX Manager™ software (Bio-
Rad, USA). The relative miR-210 level was calculated by the
comparative 2−ΔΔCq method. Primers of miR-210 forward 5ʹ-
ACACTCCAGCTGGGCTGTGCGTGACAGCGG-3ʹ, RUNX3
forward 5ʹ-AGGCATTGCGCAGCTCAGCGGAGTA-3ʹ, and
reverse 5ʹ- TCTGCTCCGTGCTGCCCTCGCACTG-3ʹ.

Western blot analysis

The proteins from HUVECs were extracted using lysis buffer
(Beyotime Biotechnology, China), centrifuged at 12,000 g for
10 min at 4°C, and supernatants were collected. Concentrations
of proteins were determined using a BCA Protein Assay kit
(Pierce, USA). Protein samples that contained equal amounts
of proteins (50μg) were separated on a 12% SDS-PAGE gel.
Then, the proteins were transferred to polyvinylidene
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difluoride (PVDF) membranes (Thermo Scientific, USA)
which blocked with 5% skim milk for 90 min at room tem-
perature, and incubated with the following primary antibodies
at 4°C overnight: anti-Alix (Invitrogen, USA, cat. no. PA5–
52,873), anti-VEGF (Merckmillipore, USA, cat. no.07–1420),
anti-RUNX3 (Invitrogen, USA, cat. no. PA1–318), and anti-β-
actin (Invitrogen, USA, cat. no. PA1–46,296). The membranes
were washed and incubated with the horseradish peroxidase
(HRP)-conjugated secondary antibody (Pierce, USA, cat. no.
31491B) at room temperature for 1 h. Protein was detected by
the ExperionTM automatic electrophoretic workstation (Bio-
Rad, USA) and analyzed by Image Lab 4.1 software (Bio-
Rad, USA).

Luciferase reporter assays

The pIS0 plasmid containing wide type (WT) or mutant
(MUT) miR-210 recognized sites, miR-210 mimic or miR-
210 inhibitor, and renilla luciferase vector were co-transfected
into HUVECs by Lipofectamine 2000 reagent (Invitrogen,
USA). Forty-eight hours later, HUVECs were collected and
luciferase activities were measured using Dual-Luciferase
Reporter Assay (Promega, USA).

Establishment of Lower-limb ischemia (LI) nude mice
model

This animal experiment was approved by the Ethics
Committee of Nanchang University. Twenty-five C57Bl/6
mice were purchased from laboratory animal center of
Nanchang University, and kept in homeothermal room
under a 12 h of light/dark cycle with no limitation to
food and water. All mice were anesthetized with 3% iso-
flurane, and burprenorphine was used in early postopera-
tive period. Lower-limb ischemia was conducted by ligation
of the femoral artery at the inguinal ligament and popliteal
fossa, then the artery and all branches were excised as
previous report [1]. Negative control (NC) and miR-210
inhibitor (50μmol/L) were transfected into ADSCs under
hypoxic condition, and MVs were isolated from ADSCs.
100 mg/ml of MVs were diluted by 0.9% saline and sub-
cutaneously injected into the flank of LI mice every two
days. Twenty-eight days after induction of ischemia, lower-
limb muscle tissues were collected, and capillary density
was measured.

Capillary formation assay

The formation of HUVECs into capillary-like structures on
Matrigel (BD Biosciences, USA) was detected. ADSCs were
transfected with miR-210 mimic or inhibitor under 37°C in a
humidified atmosphere of 5% CO2 for 24 h or hypoxic con-
dition for 24 h. MVs were isolated from ADSCs, and co-
transfected with HUVECs. 96-well plates were coated with
Matrigel 50 min before the experiment. HUVECs were seeded
onto the plated Matrigel (2 × 104 cells per well) and incubated
at 37°C. Images of the formation of capillary-like structures
were obtained after 12h by a microscope (Olympus, Japan) at
100× magnification. Tubular structures were quantified by

manually counting the numbers of connected cells in ran-
domly selected fields at 100×magnification.

Statistical analysis

All experiments were independently repeated for three times.
SPSS 17.0 software was used to analyze the data, and the data
of the quantitative studies were presented as mean±standard
deviation (SD). Comparisons between two groups or among
multiple groups were analyzed by Student’s t test or one-way
analysis of variance (ANOVA), with P < 0.05 considered
statistically significant.

Results

miR-210 expression in ADSCs-derived MVs under hypoxia

To figure out whether miR-210 was abnormally expressed in
ADSCs-derived MVs under hypoxia, ADSCs were cultured
under nonhypoxic (20% O2) and hypoxic condition (1% O2)
for 24 h. We found protein level of Alix (MV marker) was

Figure 2. MVs from hypoxic group promoted proliferation and migration of
HUVECs. MVs were isolated from ADSCs treated with or without hypoxia, and
co-cultured with human umbilical vein endothelial cells (HUVEC). (a) Cell pro-
liferation was detected by MTT assay. (b) Cell migration and invasion were
detected by Transwell assay. *P < 0.05, compare with nonhypoxic group.

Figure 1. miR-210 expression in ADSCs-derived microvesicles under hypoxia.
ADSCs-derived MVs were divided into two groups: nonhypoxic and hypoxic
groups. ADSCs of Hypoxic group were treated with 1% O2 for 24 h, and ADSCs
of nonhypoxic group were treated with 20% O2. (a) MV marker (Alix) was
measured by western blot. (b) miR-210 expression in ADSCs-derived MVs was
measured by qRT-PCR. *P < 0.05, compare with nonhypoxic group.
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significantly upregulated in MVs in hypoxic group (Figure 1
(a)). And miR-210 expression was significantly upregulated in
ADSCs-derived MVs under hypoxic condition (Figure 1(b)).

MVs from hypoxic group promoted proliferation and
migration of HUVECs

To study the effect of MVs release on the proliferation and
migration of HUVECs,

MVs that isolated from ADSCs under nonhypoxic and
hypoxic condition were co-cultured with HUVECs. We found
that MVs in hypoxic group significantly promoted the prolifera-
tion (Figure 2(a)), migration (Figure 2(b)) and invasion (Figure 2
(c)) of HUVECs.

Effects of miR-210 on the proliferation and migration of
HUVECs

To explore the effect of miR-210 on the proliferation and
migration of HUVECs, miR-210 mimic or inhibitor was

Figure 3. Effects of miR-210 on the proliferation and migration of HUVECs. miR-210 mimic was transfected into ADSCs under nonhypoxic condition. ADSCs-derived
MVs were co-cultured with HUVEC. (a) qRT-PCR showed that miR-210 expression in miR-210 mimic group was upregulated than pre-NC group. (b) Western blot
showed that VEGF expression in miR-210 mimic group was upregulated than pre-NC group. (c) MTT assay showed miR-210 mimic promoted proliferation of HUVECs.
(d) Transwell assay showed miR-210 mimic promoted migration and invasion of HUVECs. *P < 0.05, compare with pre-NC group. miR-210 inhibitor was transfected
into ADSCs under hypoxic condition. ADSCs-derived MVs were co-cultured with HUVEC. (e) qRT-PCR showed that miR-210 expression in miR-210 inhibitor group was
downregulated than NC group. (f) Western blot showed that VEGF expression in miR-210 inhibitor group was downregulated than NC group. (g) MTT assay showed
miR-210 inhibitor supressed proliferation of HUVECs. (h) Transwell assay showed miR-210 inhibitor supressed migration and invasion of HUVECs. *P < 0.05, compare
with NC group.
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transfected into ADSCs under nonhypoxic or hypoxic condi-
tion. Then, ADSCs-derived MVs were co-cultured with
HUVEC. As shown in Figure 3(a,b), miR-210 expression
and VEGF expression in miR-210 mimic group were upregu-
lated than pre-NC group. Meanwhile, miR-210 mimic pro-
moted proliferation (Figure 3(c)), migration and invasion
(Figure 3(d)) of HUVECs. According to Figure 3(e,f), miR-
210 expression and VEGF expression in miR-210 inhibitor
group were downregulated than NC group. And miR-210
inhibitor supressed proliferation (Figure 3(g)), migration
and invasion (Figure 3(h)) of HUVECs.

RUNX3 was a direct target of MV-released miR-210 in
HUVECs

Bioinformatics software mircoRNA.org predicted that there
were combination sites between miR-210 and 3ʹ UTR of
RUNX3 (Figure 4(a)). RUNX3 mRNA (WT) and RUNX3
mRNA (MUT) were constructed. WT RUNX3-UTR-pIS0
and miR-210 inhibitor were co-transfected into HUVECs,
and luciferase activity in miR-210 inhibitor group was higher
than NC group, while there was no significant change in
luciferase activity after co-transfected with Mu-RUNX3-
UTR-pIS0 and miR-210 inhibitor (Figure 4(b)). After the

Figure 4. RUNX3 was a direct target of miR-210. (a) Bioinformatics software mircoRNA.org was used to predict microRNAs that bind to RUNX3, and found there were
combination sites between miR-210 and 3ʹ UTR of RUNX3. (b) Wide type (WT) and Mutation (MUT) RUNX3 3ʹ UTR were inserted into plasmid pIS0 to construct RUNX3
mRNA (WT) and RUNX3 mRNA (MUT). WT RUNX3-UTR-pIS0 and miR-210 inhibitor were co-transfected into HUVEC. Luciferase activity was higher than NC group,
while there was no significant change in luciferase activity after co-transfected with Mu-RUNX3-UTR-pIS0 and miR-210 inhibitor. miR-210 inhibitor was transfected
into HUVEC. RUNX3 levels in miR-210 inhibitor group were significantly higher than NC group. (c) WT RUNX3-UTR-pIS0 and miR-210 mimic were co-transfected into
HUVEC. Luciferase activity was lower than pre-NC group, while there was no significant change in luciferase activity after co-transfected with Mu-RUNX3-UTR-pIS0
and miR-210 mimic. miR-210 mimic was transfected into HUVEC. RUNX3 levels in miR-210 mimic group were significantly lower than pre-NC group. *P < 0.05,
compare with pre-NC or NC group.
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transfection of miR-210 inhibitor to HUVECs, mRNA and
protein levels of RUNX3 in miR-210 inhibitor group were
significantly upregulated than NC group (Figure 4(b)). WT
RUNX3-UTR-pIS0 and miR-210 mimic were co-transfected
into HUVECs, and luciferase activity in miR-210 mimic
group was lower than pre-NC group, while there was no
significant change in luciferase activity after co-transfected
with Mu-RUNX3-UTR-pIS0 and miR-210 mimic (Figure 4
(c)). After the transfection of miR-210 mimic to HUVECs,
mRNA and protein levels of RUNX3 in miR-210 mimic group
were significantly lower than pre-NC group (Figure 4(c)).
These results suggested that RUNX3 was negatively regulated
by miR-210.

miR-210 regulated the proliferation and migration of
HUVECs via RUNX3

To show the evidence that miR-210 regulated the proliferation
and migration of HUVECs via RUNX3, miR-210 mimic or

inhibitor was transfected into ADSCs under nonhypoxic or
hypoxic condition, and MVs were isolated from ADSCs.
After the transfection of pcDNA-RUNX3 to HUVECs, MVs
were co-cultured with HUVECs. As shown in Figure 5(a), miR-
210 mimic inhibited the expression of RUNX3, and pcDNA-
RUNX3 reversed this inhibition effect. miR-210 mimic pro-
moted the expression of VEGF, and pcDNA-RUNX3 reversed
this promotion effect (Figure 5(b)). We also observed that miR-
210 mimic promoted the proliferation (Figure 5(c)), migration
and invasion (Figure 5(d)) of HUVECs, and pcDNA-RUNX3
reversed these effects. Compared with pre-NC group, miR-210
over-expression promoted tube formation under nonhypoxic
condition (supplement 1A), and miR-210 inhibitor suppressed
tube formation under hypoxic condition (supplement 1B).
After the transfection of si-RUNX3 to HUVEC, MVs were
co-cultured with HUVECs. As shown in Figure 5(e), miR-210
inhibitor promoted the expression of RUNX3, and si-RUNX3
reversed this promotion effect. miR-210 inhibitor supressed the
expression of VEGF, and si-RUNX3 reversed this inhibition
effect (Figure 5(f)). MTT and Transwell assay showed that

Figure 5. miR-210 regulated the proliferation and migration of HUVECs via RUNX3. miR-210 mimic was transfected into ADSCs under nonhypoxic condition, and MVs
were isolated. pcDNA-RUNX3 was transfected into HUVEC, then MVs were co-cultured with HUVECs. This experiment included 4 groups: pre-NC, miR-210 mimic, miR-
210 mimic+pcDNA, and miR-210 mimic+pcDNA-RUNX3. (a Western blot showed that miR-210 mimic inhibited the expression of RUNX3, and pcDNA-RUNX3 reversed
this effect. (b) Western blot showed that miR-210 mimic promoted the expression of VEGF, and pcDNA-RUNX3 reversed this effect. (c) MTT assay showed that miR-
210 mimic promoted the proliferation of HUVECs, and pcDNA-RUNX3 reversed this effect. (d) Transwell assay showed that miR-210 mimic promoted the migration of
HUVECs, and pcDNA-RUNX3 reversed this effect. miR-210 inhibitor was transfected into ADSCs under hypoxic condition, and MVs were isolated. si-RUNX3 was
transfected into HUVEC, then MVs were co-cultured with HUVECs. This experiment included 4 groups: NC, miR-210 inhibitor, miR-210 inhibitor+si-control, and miR-
210 inhibitor+si-RUNX3. (e) Western blot showed that miR-210 inhibitor promoted the expression of RUNX3, and si-RUNX3 reversed this effect. (f) Western blot
showed that miR-210 inhibitor supressed the expression of VEGF, and si-RUNX3 reversed this effect. (g) MTT assay showed that miR-210 inhibitor supressed the
proliferation of HUVECs, and si-RUNX3 reversed this effect. (h) Transwell assay showed that miR-210 inhibitor supressed the migration of HUVECs, and si-RUNX3
reversed this effect. *P < 0.05, compare with pre-NC or NC group. #p < 0.05, compared with miR-210 mimic+pcDNA or miR-210 inhibitor+si-control group.
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miR-210 inhibitor supressed the proliferation (Figure 5(g)),
migration and invasion (Figure 5(h)) of HUVECs, and si-
RUNX3 reversed these effects.

MVs-released miR-210 promoted angiogenesis in vivo

To confirm MVs-released miR-210 promoted angiogenesis via
RUNX3, we established lower-limb ischemia (LI) nude mice
model. We found that capillary density in LI mice was
increased than sham mice, and MVs+miR-210 inhibitor sig-
nificantly decreased capillary density (Figure 6(a)). We also
found miR-210 level was significantly upregulated in LI mice,
and MVs+miR-210 inhibitor downregulated miR-210 level
(Figure 6(b)). RUNX3 expression was downregulated in LI
mice, and miR-210 inhibitor increased RUNX3 expression
(Figure 6(c)). These findings indicated that MVs-released
miR-210 downregulated the expression of RUNX3 to promote
angiogenesis.

Discussion

In the present study, we proved miR-210 released from
ADSCs-derived MVs played a protective effect in LI mice to
promote proliferation, migration and invasion of HUVECs by
the remarkable decrease of RUNX3 level and increase of
capillary density.

ADSCs are multipotent cells derived from adipose tissue
that have a wide differentiation potential and have the ability
to differentiate into endothelial cells, which can be consid-
ered as forefront threapy for the treatment of ischemic dis-
eases [19]. Borlongan et al made his point that stem cell-

based therapy promoted angiogenesis and was effective in
the treatment of ischemic diseases [20]. Besides the wide
differentiation potential of ADSCs, paracrine secretion of
ADSCs is another main approach to achieve the therapeutic
effect by secreting TNF-α, IFN-γ, TGF-β, and vascular
endothelial growth factor (VEGF) to promote angiogenesis
[7]. In this study, miR-210 and Alix levels were measured
under hypoxia because ADSCs were exposed under hypoxic
condition in LI. Deveza et al have shown that hypoxia
enhanced the paracrine secretion of angiogenic factors
from ADSCs and improved the survival of endothelial cells
[21]. Our result showed that hypoxia increased the levels of
Alix and miR-210, and the viability, migration and invasion
of HUVECs, which were consistent with previous
report [21].

MVs derived from stem cells have been found as new
mechanism of paracrine secretion of stem cells, and exploited
as new therapeutic approach of stem cells to ischemic diseases
[22]. Ratajczak et al further concluded that paracrine factors
and MVs were riched in stem cells, and MVs could act as a
potent pro-angiopoietic factor [23]. Chen et al reported that
MVs secreted from mesenchymal stem cells could produce
various factors, such as angiogenin, VEGF, and monocyte
chemotactic protein-1 (MCP-1) to promote angiogenesis
[24]. Bian et al found that mesenchymal stem cells-derived
extracellular vesicles could promote the formation of blood
vessels in ischemic heart rats [25]. These reports all suggested
that stem cells-derived MVs can promote angiogenesis by
secreting contents to target cells. MVs contain proteins, lipids,
mRNA, miRNA, etc [22], and recent researches have reported
that miRNA delivered by MVs played vital roles in regulating
the targeted cells [26–28]. In this study, we found miR-210

Figure 6. MVs-released miR-210 promoted angiogenesis in vivo. Lower-limb ischemia (LI) nude mice model was established. Twenty-five C57Bl/6 mice were divided
into four groups: Sham, LI, LI+MVs+NC, and LI+MVs+miR-210 inhibitor groups. (a) Hindlimb muscle tissues were collected 28 days after induction of ischemia, and
capillary density was measured. (b) miR-210 expression was detected by qRT-PCR. C. RUNX3 expression was detected by western blot. *P < 0.05, compared with
sham group. #p < 0.05, compared with LI+MVs+NC group.
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delivered by MVs remarkably promoted proliferation and
migration of HUVECs, suggesting miR-210 playing a positive
role in proangiogenesis.

miRNA directly targeted RUNX3 to supress angiogenesis in
gastric cancer [15]. Our study confirmed RUNX3 was a direct
target of miR-210, and negatively regulated bymiR-210.We also
observed that miR-210 increased the level of proangiogenic
factor VEGF, and overexpression of RUNX3 decreased VEGF
level. Besides, miR-210 promoted the viability, migration and
invasion of HUVECs, and overexpression of RUNX3 inhibited
these promotion effects. In vivo experiment showed that MVs
derived fromADSCs under hypoxia increasedmiR-210 level and
capillary density of LImice, and inhibition ofmiR-210 decreased
miR-210 level and capillary density. In vivo experiment also
found MVs downregulated RUNX3 expression and inhibition
of miR-210 upregulated RUNX3 expression.

In conclusion, our findings determined hypoxia promoted
the release of MVs, and miR-210 was overexpressed in MVs
derived from ADSCs under hypoxia. Importantly, we found
miR-210 released from ADSCs-derived MVs promoted pro-
liferation, migration and invasion of HUVECs by targeting
RUNX3 in vivo and in vitro.

Disclosure statement

No potential conflict of interest was reported by the authors.

Funding

This work was supported by the National Natural Science Foundation of
China [81560047]; Jiangxi Provincial Natural Science Foundation
[20151BAB205006].

References

[1] Park B, Hoffman A, Yang Y, et al. Endothelial nitric oxide
synthase affects both early and late collateral arterial adaptation
and blood flow recovery after induction of hind limb ischemia in
mice. J Vasc Surg. 2010;51(1):165–173.

[2] Rong D, Liu J, Jia X, et al. Hyperhomocysteinaemia is an inde-
pendent risk factor for peripheral arterial disease in a Chinese
Han population. Atherosclerosis. 2017;263:205–210.

[3] Bertozzi N, Simonacci F, Grieco MP, et al. The biological and
clinical basis for the use of adipose-derived stem cells in the field
of wound healing. Ann Med Surg. 2017;20:41–48.

[4] Park IS, Chung PS, Ahn JC. Adipose-derived stem cell spheroid
treated with low-level light irradiation accelerates spontaneous
angiogenesis in mouse model of hindlimb ischemia.
Cytotherapy. 2017;19(9):1070–1078.

[5] Cronk SM, Kelly-Goss MR, Ray HC, et al. Adipose-derived stem
cells from diabetic mice show impaired vascular stabilization in a
murine model of diabetic retinopathy. Stem Cells Transl Med.
2015;4(5):459–467.

[6] Raposo G, Stoorvogel W. Extracellular vesicles: exosomes, micro-
vesicles, and friends. J Cell Biol. 2013;200(4):373–383.

[7] Zhao L, Johnson T, Liu D. Therapeutic angiogenesis of adipose-
derived stem cells for ischemic diseases. Stem Cell Res Ther.
2017;8:125.

[8] Jung JH, Fu X, Yang PC. Exosomes generated from iPSC-deriva-
tives: new direction for stem cell therapy in human heart diseases.
Circ Res. 2017;120(2):407–417.

[9] Bellingham SA, Coleman BM, Hill AF. Small RNA deep sequencing
reveals a distinct miRNA signature released in exosomes from prion-
infected neuronal cells. Nucleic Acids Res. 2012;40(21):10937–10949.

[10] Kang T, Jones TM, Naddell C, et al. Adipose-derived stem cells
induce angiogenesis via microvesicle transport of miRNA-31.
Stem Cells Transl Med. 2016;5(4):440–450.

[11] Liu Y, Zhao L, Li D, et al. Microvesicle-delivery miR-150 pro-
motes tumorigenesis by up-regulating VEGF, and the neutraliza-
tion of miR-150 attenuate tumor development. Protein Cell.
2013;4(12):932–941.

[12] Alaiti MA, Ishikawa M, Masuda H, et al. Up-regulation of miR-
210 by vascular endothelial growth factor in ex vivo expanded
CD34+ cells enhances cell-mediated angiogenesis. J Cell Mol Med.
2012;16(10):2413–2421.

[13] Tadokoro H, Umezu T, Ohyashiki K, et al. Exosomes derived
from hypoxic leukemia cells enhance tube formation in endothe-
lial cells. J Biol Chem. 2013;288(48):34343–34351.

[14] Lee SH, Manandhar S, Lee YM. Roles of RUNX in hypoxia-
induced responses and angiogenesis. Adv Exp Med Biol.
2017;962:449–469.

[15] Lee SH, Jung YD, Choi YS, et al. Targeting of RUNX3 by miR-
130a and miR-495 cooperatively increases cell proliferation and
tumor angiogenesis in gastric cancer cells. Oncotarget. 2015;6
(32):33269–33278.

[16] Chen F, Wang M, Bai J, et al. Role of RUNX3 in suppressing
metastasis and angiogenesis of human prostate cancer. PloS One.
2014;9(1):e86917.

[17] Chen F, Bai J, Li W, et al. RUNX3 suppresses migration, invasion
and angiogenesis of human renal cell carcinoma. PloS One. 2013;8
(2):e56241.

[18] Chen JJ, Zhou SH. Mesenchymal stem cells overexpressing MiR-
126 enhance ischemic angiogenesis via the AKT/ERK-related
pathway. Cardiol J. 2011;18(6):675–681.

[19] Zielins ER, Luan A, Brett EA, et al. Therapeutic applications of
human adipose-derived stromal cells for soft tissue reconstruc-
tion. Discov Med. 2015;19(105):245–253.

[20] Borlongan CV. Age of PISCES: stem-cell clinical trials in stroke.
Lancet (London, England). 2016;388(10046):736–738.

[21] Deveza L, Choi J, Imanbayev G, et al. Paracrine release from
nonviral engineered adipose-derived stem cells promotes
endothelial cell survival and migration in vitro. Stem Cells Dev.
2013;22(3):483–491.

[22] Martinez MC, Andriantsitohaina R. Microparticles in angiogen-
esis: therapeutic potential. Circ Res. 2011;109(1):110–119.

[23] Ratajczak MZ, Kucia M, Jadczyk T, et al. Pivotal role of paracrine
effects in stem cell therapies in regenerative medicine: can we
translate stem cell-secreted paracrine factors and microvesicles
into better therapeutic strategies|[quest]. Leukemia. 2012;26
(6):1166–1173.

[24] Chen J, Liu Z, Hong MM, et al. Proangiogenic compositions of
microvesicles derived from human umbilical cord mesenchymal
stem cells. PloS One. 2014;9(12):e115316.

[25] Bian S, Zhang L, Duan L, et al. Extracellular vesicles derived from
human bone marrow mesenchymal stem cells promote angiogen-
esis in a rat myocardial infarction model. J Mol Med (Berl).
2014;92(4):387–397.

[26] Gatti S, Bruno S, Deregibus MC, et al. Microvesicles derived from
human adult mesenchymal stem cells protect against ischaemia-
reperfusion-induced acute and chronic kidney injury. Nephrol
Dial Transplant: Off Publ Eur Dial Transpl Assoc Eur Ren
Assoc. 2011;26(5):1474–1483.

[27] Lee H, Zhang D,Wu J, et al. Lung epithelial cell-derived microvesicles
regulate macrophage migration via microRNA-17/221-induced integ-
rin beta1 recycling. J Immunol. 2017;199(4):1453–1464.

[28] Classen L, Tykocinski LO, Wiedmann F, et al. Extracellular vesi-
cles mediate intercellular communication: transfer of functionally
active microRNAs by microvesicles into phagocytes. Eur J
Immunol. 2017;47(9):1535–1549.

CELL CYCLE 1033


	Abstract
	Introduction
	Materials and methods
	Cell culture
	Transfection of lentiviral vectors encoding shRNA
	Preparation of MVs
	Transwell assay
	MTT assay
	Western blot analysis
	Luciferase reporter assays
	Establishment of Lower-limb ischemia (LI) nude mice model
	Capillary formation assay
	Statistical analysis

	Results
	miR-210 expression in ADSCs-derived MVs under hypoxia
	MVs from hypoxic group promoted proliferation and migration of HUVECs
	Effects of miR-210 on the proliferation and migration of HUVECs
	RUNX3 was a direct target of MV-released miR-210 in HUVECs
	miR-210 regulated the proliferation and migration of HUVECs via RUNX3
	MVs-released miR-210 promoted angiogenesis in vivo

	Discussion
	Disclosure statement
	Funding
	References



